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Abstract 

This paper presents experimental evaluation of applying wavelet transform for on-line external leakage fault detec-

tion and isolation from internal leakage in hydraulic actuators. In this work, the more realistic case of an actuator that is 

driven to track pseudorandom position reference inputs against a load is considered. The wavelet-based method devel-

oped in this paper, decomposes a limited-duration pressure signal at either chamber of a hydraulic actuator into effec-

tive approximate and detail wavelet coefficients. The limited-duration pressure signal is collected using a sliding win-

dow technique. It is shown that the root mean square (RMS) value of the level four approximate wavelet coefficient 

collectively establishes a feature index that can effectively be used for on-line detection of external leakage. Once the 

external leakage occurs, this index value decreases proportionally. Therefore, one can report the faulty operating condi-

tion by monitoring this index. Additionally, built upon the previous work in which the level two detail coefficient was 

found to be sensitive to internal leakage fault, we further investigate the isolation of external leakage from internal leak-

age in an actuator. Extensive validation tests demonstrate the effectiveness of the proposed technique, given any posi-

tion reference input, loading condition, and controller type or effectiveness. Experimental tests show promising results 

for detecting external leakage as low as 0.3 L/min and isolating it from internal leakage as low as 0.48 L/min, during an 

on-line testing procedure. 
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1 Introduction 

Due to their overall reliability and high power-to-

weight ratios, hydraulic actuators see widespread use in 

a variety of industrial applications. Reliability and 

safety are important issues in most of the above appli-

cations. Thus, condition monitoring of fluid power sys-

tems is earning consideration to reduce the cost of 

maintenance and prevent the system from further dete-

riorating. Towards this goal, it is desirable to develop 

fault diagnosis (FD) schemes that can report abnormal 

conditions in hydraulic systems (Isermann, 1996). On-

line diagnosis of faults in hydraulic actuators is impor-

tant to avoid further deteriorating of the system reliabil-

ity and performance. FD systems can also be effec-

tively used with active fault tolerant controllers that are 

designed to react to the changes in the system’s pa-

rameters due to faults, through adaptation or reconfigu-

ration (Karpenko and Sepehri, 2003). 
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Faults in hydraulic systems cover a wide range, 

from component failure and fluid contamination, to 

pipe leakage and material wear (Khan et al., 2002; Za-

varehi et al., 1999). However, one of the greatest con-

cerns regarding hydraulic actuators is the leakage of 

hydraulic fluid. Depending upon whether the hydraulic 

fluid is lost to the atmosphere or is displaced to another 

location within the hydraulic circuit, leakage can be 

classified as external or internal respectively. Wear of 

the seals separating the actuator rod and the cylinder 

results in external leakage. External leakage can also be 

caused by failure of hydraulic supply line or connection 

between the valve and the actuator’s chambers. Internal 

leakage fault is caused by the wear of piston seal that 

closes the gap between the moveable piston and the 

cylinder wall. Both external and internal leakages, af-

fect the dynamic performance of the system since the 

entire flow is not available to move the piston against a 

load. 
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Condition monitoring of hydraulic systems can be 

done using off-line or on-line approaches. In off-line 

approach, a structured predefined input signal is nor-

mally applied to the system under ideal (no-load) con-

dition. Information on the system response, obtained 

over the entire test period, is then used for diagnosis. In 

on-line approach, data on the states of the system are 

obtained and analyzed while the system is operating 

through its routine work cycle. Within the context of 

hydraulic actuation, this implies the actuator must track 

reference position signals of various magnitude and 

duration and under various loading conditions. An ex-

ample would be positioning of an aircraft control sur-

face. As opposed to off-line approach where the diag-

nosis can be conducted using responses from the sys-

tem under open-loop control, the on-line approach uses 

data from the system operating in a closed-loop posi-

tion control mode. Thus, the diagnosis method should 

preferably function independent from the controller 

type or effectiveness. Furthermore, during the on-line 

approach, information is obtained from limited-

duration segments of the continuous stream of meas-

urements collected on-line. On-line fault detection is 

more interesting than the off-line one, since it provides 

information about the health of the system without in-

terrupting its routine operation. It can also provide a 

support for active fault tolerant controllers to reconfig-

ure their control actions in response to changing condi-

tions due to occurrence of faults.  

A great deal of work has been carried out on devel-

opment of fault detection and isolation (FDI) systems 

(Watton, 2007). A detailed survey on existing tech-

niques has been provided in reference (Watton, 2007). 

However, research on actuator leakage fault identifica-

tion, in spite of its importance, is still limited. Tan and 

Sepehri (2002) applied the Volterra nonlinear modeling 

concept for offline detection of actuator leakage faults. 

The method reported in (Tan and Sepehri, 2002) re-

quired a model of leakage. Leakage is a kind of non-

ideality that cannot be modeled exactly (Garimella and 

Yao, 2005). Thus, the uncertainty associated with mod-

eling leakage can become an issue within the frame-

work of model-based fault detection. An and Sepehri 

(2005) studied the feasibility of using extended Kalman 

filter to detect actuator internal and external leakage 

faults with sinusoidal reference input. They further ex-

tended this work towards online detection of internal 

and external leakages by including both friction and 

loading as unknown external disturbances (An and Se-

pehri, 2008). In their work, a high gain proportional 

controller was used to track the reference input. Al-

though the requirement of using a model for leakage 

was removed in An and Sepehri (2005, 2008), the need 

for knowing the model of hydraulic actuator still re-

mained a challenge. In order to overcome the difficul-

ties associated with modeling nonlinear hydraulic sys-

tems, a linearized model with an adaptive threshold, to 

compensate for the error due to linearization, was used 

by Shi et al. (2005) to detect internal and external leak-

age faults. Le et al. (1998) proposed a neural network 

approach to detect both internal and external leakages 

in a hydraulic actuator even when they happen at the 

same time. To obtain the feature signals, they excited 

the system in a closed-loop scheme with a step input 

under no-load condition. Their results showed detecting 

leakages over 1 L/min, which is considered to be high. 

Small leakages are most interesting for early detection 

of faults.  

Motivated by developing a method that does not 

rely on a model of the system or fault, the authors initi-

ated a research directed at employing the wavelet trans-

form to detect leakage in valve-controlled hydraulic 

actuators. Wavelet transform is essentially an extended 

time-frequency yielding wavelet coefficients at differ-

ent scales (levels) (Daubechies, 1992). The technique 

has recently drawn widespread attention as a promising 

tool to deal with fault detection by extracting feature 

patterns from spectral signals. To name a few, Zhang 

and Yan (2001) developed a wavelet-based method for 

detection of different kinds of sensor faults. Gao et al. 

(2003) employed wavelet transform for on-line hydrau-

lic pump health diagnosis. The pulsation pressure sig-

nal was used and faults due to malfunctioned pump 

were isolated based on the detail wavelet coefficients. 

Wavelet transform method was also shown to be more 

sensitive and robust than the spectrum analysis ap-

proach, in detecting faults associated with hydraulic 

pumps (Gao, 2005). Goharrizi and Sepehri (2009, 

2010a, 2010b) used wavelet transform for both offline 

and online internal leakage detection. They showed that 

internal leakage alters the transient response of pressure 

signal at any chamber of the hydraulic actuator. This 

characteristic appears clearly in finer scales, repre-

sented specially by level two detail coefficient. The 

transform technique was recently examined to detect 

external leakage (Goharrizi and Sepehri, 2011). Level 

four approximate coefficient of pressure signal was 

effectively used in an off-line manner. 

Built upon the work reported earlier (Goharrizi and 

Sepehri, 2010b; 2011), this paper establishes a frame-

work for online detection of external leakage and isola-

tion of it from internal leakage when they occur singly 

in a multiple-fault environment. A more realistic case 

of an actuator that is controlled to follow arbitrary ref-

erence position signals against a load is considered. As 

opposed to internal leakage, external leakage alters the 

steady state pressure signal with negligible effect on the 

transient pressure signals. To make the approach appli-

cable to on-line applications, a sliding window tech-

nique is applied, whereby segments of measured pres-

sure signal from one side of the actuator are collected, 

and the root mean square (RMS) value of the level four 

approximate wavelet coefficient vector obtained from 

each window, is calculated as an index during the run 

time. It is shown that once external leakage happens, 

this index decreases proportionally with the leakage 

level. Furthermore, isolating external leakage from in-

ternal leakage in a multiple-faults environment is 

shown to be possible throughout the results presented 

in this paper. It is shown that the level four approxi-

mate and level two detail coefficients are independently 

sensitive to external and internal leakages, respectively. 

Therefore, by simultaneously monitoring level four 

approximate and level two detail coefficients, one can 

detect and isolate external leakage from internal leak-

age in an actuator where its displacement is controlled 
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in a closed-loop scheme. In the present work, these 

faults are assumed to occur singly but exist in a multi-

ple-fault environment. 

The effectiveness of the proposed approach is vali-

dated through extensive experiments, designed for a 

hydraulic actuator that tracks pseudorandom position 

reference signals against a load which is emulated by a 

spring. Detecting small leakages is the focus of this 

paper since they are most interesting for early detection 

of fault. The proposed approach is shown to, not only 

detect external leakages as low as 0.3 L/min, regardless 

of the reference input and loading conditions, but also 

is capable of isolating external leakage from internal 

leakage in a multiple faults environment. The method is 

easy to implement as it only needs one measurement. It 

is also capable of detecting the leakage, even with a 

controller that still maintains good positioning when 

leakage occurs.  

The rest of this paper is organized as follows. Sec-

tion 2, describes the experimental hydraulic system as 

application domain. Section 3 provides a brief descrip-

tion of signal decomposition using wavelet transform. 

Section 4 shows experimental results describing how 

the proposed wavelet-based approach is used to iden-

tify and isolate the external leakage fault from the in-

ternal leakage. Conclusions are given in Section 5. 

2 Experimental System  

The hydraulic actuator test rig upon which all tests 

are conducted is shown in Fig. 1. Powered by a motor-

driven hydraulic pump, the actuation system operates 

with the fluid pressure of 17.2 MPa (2500 psi). The 

movement of the actuator (with a 610 mm stroke) is 

controlled by a high performance Moog D765 ser-

vovalve with the flow capacity of 34 L/min at 21 MPa 

supply pressure. The valve accepts analog command 

signals from a high-speed PC equipped with a data ac-

quisition board. The displacement of the actuator is 

obtained by a rotary optical encoder via a Metrabyte 

M5312 quadrature incremental encoder card and the 

chamber pressures are measured by sensors located at 

each side of the cylinder. Figure 2 shows the schematic 

of the test rig. The manner in which leakage fault is 

produced is also shown in this figure. With reference to 

Fig. 2, to create external leakage, a portion of the fluid 

flow from either side of the actuator, is bypassed to the 

reservoir by opening the corresponding needle valves 

(see the inset in Fig.1). External leakage flows, qel1 and 

qel2, are measured using positive-displacement flow-

meters (JVA-KL series by AW Company with a 

7.6 L/min range and accuracy of ± 0.5 %). The internal 

leakage is produced by bypassing fluid across the pis-

ton. This is achieved by connecting the two chambers 

of the actuator and controlling the flow by an adjust-

able needle valve (see also Fig. 1). The internal leakage 

flow rate qil is also measured by a positive displace-

ment flowmeter. 

The positioning of the actuator against the spring 

load is achieved according to the two-degree-of-

freedom feedback system configuration shown in 

Fig. 3. The controller, G(s), and the prefilter, F(s), are 

designed to satisfy the desired closed-loop performance 

specifications. The controller used here has been de-

signed using the quantitative feedback theory (QFT) 

and is tolerant to model uncertainty and certain leakage 

fault types associated to hydraulic actuators (Karpenko 

and Sepehri, 2010). The structure of this controller is 

shown below: 
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Fig. 2: Internal and external leakage fault producing com-
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Fig. 3: Two degree of freedom feedback system relating 

desired position to the actual position, in presence 

of stiffness dominant load 

3 Principle of Wavelet Analysis 

The wavelet transform (WT) is a powerful signal 

processing tool that decomposes a nonstationary signal 

into scales (also known as levels) with different time 

and frequency resolution. As opposed to Fourier analy-

sis that breaks up a signal into sine waves of different 

frequencies, wavelet analysis breaks up a signal into 

shifted and scaled versions of the original (mother) 

wavelet. The detailed mathematical descriptions of 

wavelet transform can be found in references (Daube-

chies, 1998) and (Vetterli and Herley, 1992). Here a 

brief description is provided.  

Wavelet transform includes continuous wavelet 

transform (CWT) and discrete wavelet transform 

(DWT). The continuous wavelet transform is defined as 

the sum over all time of the signal multiplied by the 

scaled and shifted versions of the wavelet functionψ  

as:  

 dt
a

bt
tx

a

ba )()(
1

),(CWT
−

= ∫
+∞

∞−

ψ  (3) 

where ψ(t) is the mother wavelet and can be a complex 

conjugate. a,b ∈ R ( R is a real continuous number sys-

tem) are the ‘scaling’ and ‘shifting’ parameters, respec-

tively.  

For most practical applications, the wavelet coeffi-

cients are discretized by a factor of 2mn for shifting and 

by a factor of 2m for scaling. The above equation then 

can be defined as: 

 dtnttxnm
mm )2()(2),(DWT 2/

−=

−

+∞

∞−

−

∫ ψ  (4) 

where m  and n  are integers. There exists the well-

known ‘multiresolution signal decomposition tech-

nique’ (Mallat, 1989), for fast implementation of dis-

crete wavelet transform. With reference to Fig. 4, the 

algorithm starts by applying low-pass filter (LPF) and 

high-pass filter (HPF) on the original discrete signal, 

x[n], resulting in a1[n] and d1[n], where a1[n] is the 

approximation version of the original signal and d1[n] 

is the detailed version of the original signal. 

Downsampling is done in the process of decomposi-

tion so that the resulting a1[n] and d1[n] each has n/2 

points. Thus, the decomposition process can be contin-

ued, with successive approximations being decomposed 

in turn, so that the original signal is broken down into 

many lower resolution components.   

4 External Leakage Detection via Wave-

let Coefficients 

4.1 Outline of the Approach 

In the experiments, the more realistic case of the ac-

tuator following a pseudorandom reference positioning 

signal under a load emulated by a spring is considered. 

The pseudorandom signal is characterized with a series 

of desired step inputs having amplitudes between 0.025 

m to 0.05 m and duration between 0.5 s to 4 s. This 

type of signal resembles activities of flaps for typical 

in-flight maneuvers (Nguyen et al., 1979), and thus 

allows us to investigate on-line fault detection ability of 

our method.  

All experiments are conducted with QFT-based 

controller described by Eq. 1 and 2 and for small leak-

ages, since they are most interesting for early detection 

of faults. 

The first experiment relates to the case, where a 

healthy actuator undergoes a set of positioning tasks 

against a spring having stiffness of 80 kN/m. The re-

sulting actuator displacements along with the desired 

one are shown in Fig. 5, with the existence of an exter-

nal leakage, in chamber 2, after t ≈ 30 s with the mean 

value of ≈ 0.3 L/min (see Fig. 6). As one can see the 

controller can still track the reference input without 

introducing any significant error even when there is an 

external leakage in the system after t ≈ 30s.  

The changes in the line pressures are plotted in 

Fig. 7. The external leakage causes pressure signals to 

drop, and can be considered as a bias fault (Goharrizi 

and Sepehri, 2011). When a bias or drift occurs in a 

signal, the event appears strongly in coarser scales rep-

resented by approximate coefficients of wavelet de-

composition (Zhang and Yan, 2001). Thus, using the 

multiresolution signal decomposition technique, the 

pressure signal in one of the actuator’s chambers can be 

decomposed into approximate wavelet coefficients, to 

detect this particular type of behavior in the original 

pressure signal. Note that processing the pressure sig-

nal, becomes important when a feature of interest is not 

strong in the original signal. However, even when a 

feature of interest is strong, it can be helpful to develop 

some types of automatic detection procedure (Anant, 

1997).  
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Fig.4: Wavelet decomposition tree with one level of decomposition 

Given a sampling rate of 500 Hz, with a series of 

tests and comparison, level four approximate wavelet 

coefficient of system’s pressure was found to be ade-

quate to observe the effect of external leakage on the 

pressure signal (Goharrizi and Sepehri, 2011). Choos-

ing scale four, a4, for external leakage detection leads 

to have little computational burden as well as good 

sensitivity to this fault type. Daubechies 8 wavelet was 

found to be a good choice as the mother wavelet (Go-

harrizi and Sepehri, 2010a). The analysis was done on 

a program developed using MATLAB wavelet toolbox. 

Figure 8 shows level four approximate coefficient ob-

tained from the pressure signal in chamber one, when a 

leakage (of average 0.3 L/min) is introduced in cham-

ber 2 (see Fig. 6). Note that, one may choose the pres-

sure signal in chamber two, P2, for the analysis as 

shown in Fig. 9. 

 

Fig. 5: Desired and actual displacement of the hydraulic 

actuator with external leakage (chamber two) in-

troduce at t ≈ 30 s: (a) whole operating time; (b) a 

close up between 25 - 35 s 

 

Fig. 6: External leakage in chamber two of the hydraulic 

actuator (mean value: 0.3 L/min) 

 

Fig. 7: Line pressures with external leakage shown in 

Fig. 6 



Amin YazdanpanahGoharrizi, Nariman Sepehri and Yan Wu 

42 International Journal of Fluid Power 12 (2011) No. 2 pp. 37-47 

 

Fig. 8: Level four approximate coefficient, a4, obtained 

from the pressure signal at the chamber one with 

external leakage shown in Fig. 6 

 

Fig. 9: Level four approximate coefficient, a4, obtained 

from the pressure signal at the chamber two with 

external leakage shown in Fig. 6 

 

Fig. 10: Flow rate in chamber one for healthy actuator 

given the desired input signal as in Fig. 5 

Note that the maximum flow rate for a healthy ac-

tuator in chambers one and two is about 6 L/min (see 

Fig. 10). Based on this value, the minimum leakage 

(0.3 L/min) represents approximately 5 % reduction of 

flow rate available to move the actuator. 

4.2 Design for On-line Diagnosis 

In an on-line equipment health monitoring, signals 

are monitored and gathered during the operation. Thus, 

the wavelet analysis should break each limited-duration 

data sequence into packets containing only the signal 

components within certain frequency bands. Here, the 

sliding window technique by Zhao and Xu (2004) is 

adopted to form data segments. With reference to Fig. 

11, the data window has a length l1. The past window 

contains data collected in the past and the current win-

dow which is the shift of the past window with a fixed 

step size l2, contains data collected in recent time. 

Wavelet coefficients are repeatedly recalculated for 

intervals of l2 samples, each based on the most recent l1 

samples of the signals. The root mean square (RMS) of 

the elements of vector of coefficients a4 obtained from 

each window is then calculated as an index. Note that 

in order to extract reliable and complete information 

from the decomposed signals, each window should 

carry a sufficient length of data (Gao and Zhang, 

2006). The length of the step size with respect to the 

window size should also be selected carefully. A small 

step size increases the computational cost and the na-

ture of the windowed signal may not be sufficiently 

affected by the new data zone. A very large step size 

increases the detection delay as one needs to wait 

longer to update the relevant index. In this work, win-

dow size of l1 = 400 samples and step size of l2 = 20 

samples were found to be appropriate.  

 

Fig. 11: Presentation of sliding window technique 

The sliding window concept is now applied to the 

results of the case study reported in Section 4.1. The 

RMS values obtained from each updated window are 

plotted in Fig. 12. As is seen, the RMS values decrease 

once the external leakage is introduced to the system at 

t ≈ 30s. Whereas a4 in Fig. 8 was obtained using the 

entire data (gathered over 60 seconds), the plot shown 

in Fig. 12, is the result of information being processed 

on-line. 
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Fig. 12: RMS values of level four approximate wavelet coef-

ficient of chamber one pressure for actuator with 

external leakage shown in Fig. 6 

Another test was conducted with a more severe ex-

ternal leakage of value 0.94 L/min introduced at 

t ≈ 30 s (see Fig. 13) and given a reference input differ-

ent from the one shown in Fig. 5 (see Fig. 14). The 

RMS values of a4 using online measurements are de-

picted in Fig. 15. As compared to Fig. 12, the RMS 

values decreased more in this case. Therefore, given 

more severe external leakage, the RMS values of a4 

drop more, regardless the reference input. We repeated 

the above test given similar leakage level but with dif-

ferent reference position signals. Result of a typical test 

is shown in Fig.16. As one can see again, the RMS 

values show the same trend under existence of external 

leakage.  

 

Fig. 13: External leakage in chamber two of the hydraulic 

actuator with the mean value of 0.94 L/min 

The results have so far showed that pressure signal 

in either chamber one or chamber two can be analyzed 

for external leakage detection in any one of the two 

actuator’s sides (chambers), which is consistent with 

the previous observations using the off-line approach 

(Goharrizi and Sepehri, 2011). However, using this 

technique, one cannot detect the leaky side of the ac-

tuator.  

 

Fig. 14: Desired and actual displacement of the hydraulic 

actuator with external leakage shown in Fig. 13: 

(a) entire operating time; (b) a close up between 

25 - 35 s 

 

Fig. 15: RMS values of level four approximate coefficients 

of chamber one pressure for actuator with the ex-

ternal leakage shown in Fig. 13 

 

Fig. 16: RMS values of level four approximate coefficients 

of chamber one pressure for actuator with an ex-

ternal leakage of approximately 0.94 L/min 

 



Amin YazdanpanahGoharrizi, Nariman Sepehri and Yan Wu 

44 International Journal of Fluid Power 12 (2011) No. 2 pp. 37-47 

4.3. Isolation of External Leakage from Internal 

Leakage  

In this section, the isolation of external leakage 

from internal leakage is investigated. These faults co-

exist in an actuator, but are assumed to occur singly. 

Since this is an online application the likelihood of 

having both external and internal leakages at the same 

time is very small. For all results presented in this sec-

tion, we use the pressure at chamber one, P1 , for the 

analysis. We know from the previous work [16,17], 

that the internal leakage changes the transient behavior 

of the pressure signals, and subsequently decreases the 

amplitude and energy of level two detail coefficient, d2 

To further clarify this, we conducted another experi-

ment in which the actuator experiences an internal 

leakage of the mean value of 0.48 L/min after t ≈ 30 s. 

The plots of leakage flow and actuator displacement 

are shown in Figs. 17 and 18, respectively. Again one 

can see the QFT position controller works well even in 

the presence of internal leakage. By applying the slid-

ing window technique to the pressure data of chamber 

one, the RMS values of the wavelet coefficient, d2, are 

calculated and plotted in Fig. 19. As one can see the 

peak values decreased as the result of internal leakage 

after t ≈ 30 s. To facilitate the comparison between 

healthy and faulty zones, a baseline value has been 

chosen for the RMS values.  

Note that the frequency response of the system var-

ies as a result of changes in the effective bulk modulus 

of the hydraulic functions caused by temperature 

changes or air content. However, by using wavelet 

transform the variation of frequency response is still 

within the range (62.5 - 125 Hz) and can be covered by 

d2. This is indeed good and allows the wavelet trans-

form based method to remain effective when the vis-

cosity of hydraulic fluid changes. This observation was 

made by running the test rig for several times and is in 

line with findings previously reported (Goharrizi and 

Sepehri, 2010c). 

 

Fig. 17: Internal leakage of 0.48 L/min in average at t ≈ 30 

s 

Next, we show that the coefficient, a4, is not sensi-

tive to the internal leakage, which was shown to be 

sensitive to the external leakage. As compared to Fig. 

12 and 15, one can see from Fig. 20 that the trend of, 

a4, is not changed by the internal leakage after t ≈ 30 s. 

Therefore, the wavelet coefficient, a4, is not sensitive 

to the internal leakage fault.  

 

Fig. 18: Desired and actual displacement of the hydraulic 

actuator with internal leakage shown in Fig. 17: (a) 

whole operating time; (b) a close up between  

25 - 35 s 

 

Fig. 19: RMS values of level two detail coefficients of 

chamber one pressure for actuator with internal 

leakage shown in Fig. 17 

 

Fig. 20: RMS values of level four approximate coefficients 

of chamber one pressure for actuator with internal 

leakage shown in Fig. 17 
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We now investigate if the wavelet coefficient d2 is 

sensitive to external leakage or not. The RMS values of 

d2 associated with the external leakage in Fig. 13 are 

depicted in Fig. 21. Given the same baseline as in 

Fig. 19, one can see, these values are still above the 

baseline value after the occurrence of external leakage 

after t ≈ 30 s. However, the RMS values of the low 

frequency wavelet coefficient a4 decrease as a result of 

external leakage (see Fig 15).  

 

Fig. 21: RMS values of level two detail coefficients of 

chamber one pressure for actuator with external 

leakage shown in Fig. 13 

It is therefore, concluded that coefficients a4 and d2 

are independently sensitive to the effect of external and 

internal leakages, respectively. Thus, by inspecting 

them, one can not only detect external and internal 

leakages but also isolate them when they happen singly 

in a multiple-fault environment.  

5 Conclusion 

A wavelet-based approach was employed for exter-

nal leakage fault detection and its isolation from inter-

nal leakage in hydraulic actuators. A realistic situation 

in which the actuator tracks a pseudorandom reference 

input in a closed loop scheme under loading condition 

was considered. The use of easily measurable pressure 

at any one of the actuator chambers was found to be a 

valuable source of signal that carries sufficient infor-

mation to support reliable diagnosis. Multiresolution 

technique was used to break a finite-length pressure 

signal (obtained on-line) into smoothed and detailed 

versions in the terms of discrete approximate and detail 

wavelet coefficients. The finite-length pressure signal 

due to a pseudorandom reference input was collected 

using a sliding window technique. It was then demon-

strated that the RMS values of level four approximate 

coefficient is sensitive to external leakage and can be 

considered as an index to distinguish between healthy 

and faulty operating conditions. Additionally, this in-

dex was shown to be sensitive to the amount of exter-

nal leakage flow. The more severe the external leakage 

is, the smaller the value of this index. By monitoring 

this index, one can detect external leakage as low as 

0.3 L/min. We further showed that, isolation of exter-

nal leakage from internal leakage, when they happen 

singly in a multiple-fault environment is possible with 

only one measurement and without a need to include 

the model of actuator and/or leakage. All the above 

results could be achieved regardless of the type of 

feedback controller used, reference input and loading 

condition. However, this method cannot distinguish 

between the external leakages on either side of the ac-

tuator. 
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